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WORKING CAPACITY AND THE EFFECT OF ALTERNATING 
OCCUPATION ON OUTPUT" 


J. Percy BAUMBERGER** 


From the Laboratory of Physiology, Stanford University 


INTRODUCTION 


ie a recent article Spaeth (1) has 
severely criticized the use of the 
| output rate as a measure of industrial 
4 fatigue, and points out three initial dif- 
: ficulties in the use of this method: ‘‘ (1) 
The laboratory tests for fatigue are, 
with one exception, qualitative and not 
quantitative; (2) the laboratory and 
statistical tests detect normal fatigue, 
trom which one recovers over-night or 
over the week-end; (3) the detection and 
systematic prevention of cumulative fa- 
ligue, which leads to over-exhaustion 
( ultimately to a breakdown (indus- 
psychoneurosis) and which—being 

mon to all industry—is the most 
‘his paper was delivered by the author before 
‘ndustrial Relations Section of the California 


erence Of Social Work in San Diego in 1922. 
ved for publication June 27, 1923. 


Ur. E. G. Martin suggested the use of the 
3 as a measure of working capacity and made 


helpful suggestions in the course of discus- 
Miss Elizabeth Perry is largely responsi- 
or the statistical work involved. 
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widely distributed of all industrial haz- 


ards, have been largely neglected.’’ He 
also says (1) (2) that ‘‘accumulative 
fatigue is often associated with a high 
output. The output test would there. 
fore not be applicable to such cases. In- 
deed, we may say that in cases of over- 
fatigue, if the condition is not discov- 
ered until the output drops, we are shut- 
ting the barn door on an empty stall.’’ 

The purpose of this paper is twofold 
—namely, to point out (1) that a com- 
parison of working capacity with out- 
put may serve as a measure of accumu- 
lative fatigue, and (2) that alternation 
of occupation decreases fatigue. 
Workinc Capaciry AND PERCENTAGE 
Ourput Rate 


In the three processes studied the 
working capacity and the output rate 
were determined in essentially the same 
way. The method of determining out- 


put rate may be described as follows: 
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A record of the number of pieces pro- 
duced by each worker in a given length 
of time for each hour during the day 
was obtained, and from this the output 
rates per hour were calculated. The 
output rate records for each man for 
all the hours of all the days studied 
were arranged according to magnitude, 
and the highest 5 per cent. of the ree- 
ords were averaged. This average of 
highest output rate records was ealled 
100 per cent. working capacity. It was 
found that all men, even though fa- 
tigued, at some time or other during the 
day feel additional stimulus or incentive 
to work to their utmost ability and 
speed, and the resulting periods of high 
production are often called ‘‘spurts.’’ 
If a man were able to ‘‘spurt’’ through- 
out the whole day he would be reaching 
his maximum working capacity, or 100 
per cent. working capacity, according 
to our terminology. The degree to which 
the actual output rate is less than the 
working capacity is the question which 
is to be stressed in this paper; in the 
accompanying charts and tables, there- 
fore, working capacity and actual out- 
put by hours are compared for groups 
of workers in given processes. This can 
be done by determining the working e¢a- 
pacity for each man and comparing the 
average actual output rate for each 
hour during the day with his working 
capacity; this gives the percentage of 
total working capacity reached by the 
output. This comparison was made by 
averaging the output rates for each man 
for each hour (as first, second, ete.) of 
the day, and converting this average 
hourly output into percentage of 100 
per cent. working capacity, in accord- 
ance with the following formula: 


average output rate of John Doe for first 


(or second, ete.) hour of day 
100 > 7 





100% working capacity of John Doe 


The average output rate for oo), 
hour of the day expressed in percey!)o. 
of the working capacity was calculated 
for each man in this way. These pasos 
were then all averaged together 4) 
the group average for each hour was ob. 
tained. Throughout the rest of the paper 
these figures will be called percentave 
working capacity, and they will be found 
in Figures 1, 2, 3, and 4, and in Table 
2. In the figures the departure of the 
average output rate on the basis of 
working capacity from the maximum is 
shown by crosshatching. 

Florence (3) used the average output 
rate of the maximum hour for the whole 
group of operators as a standard of 
comparison, and objects to the use of 
spurts as a basis for determining work- 
ing capacity, because they are extreme 
deviations from the 
spurts, however, are 





average. ‘The 
really a_ true 
measure of the maximum output of an 
individual, and it is the determination 
of the average approach of individuals 
to their maxima, that we are concerned 
with in this paper. This criterion (100 
per cent. working capacity) is theretore 
not to be confused with the maximum 
hour used by Florence, which is based 
upon an entirely different determina. 
tion. The maximum hour of Florence 
is not a measure of the average working 
capacity but rather a measure of thie 
extent to which high output rates Mia) 
chance to predominate in one hour 0! 
the day rather than in any other. It's 
probable that most individuals have 
their highest output in the same hou! 
but the output of the operators WW! 
do not would greatly diminish the ma 


mum hour. 


i2 


Therefore it seems that 
use of the maximum hour by Flor 
in his study of ‘‘Fatigue in Relation ‘° 
Working Capacity’’ is unfortunate. 


Nov 














PROCESSES STUDIED 


hree processes were studied—name- 

vathering of glass, recessing of 
oars, and the spin top cap operation. 
Yjese three processes are considered 
ficiently alike to serve as a basis for 
‘his comparison. The following descrip- 
‘ons will show the similarities in the 
three operations: In the process of 
class gathering in the automatic bot- 
tle making industry (4), the workers 
eoneerned were skilled in their trade. 
The ‘‘gatherer’’ stands with an instru- 
ment 48 inches long, consisting of an 
iron rod with a wooden handle at one 
end, and at the other a clay ball on which 
the glass is caught. The gatherer has 
his back toward the bottle-blowing ma- 
chine and holds the ‘‘punty’’ described 
above with both hands, allowing the 
vlass ball to touch the surface of fused 
elass within a furnace. 


— 


The iron rod 
of the punty rests on a support while 
the gatherer rolls it until the soft glass 
can form a ‘‘gob’’ of the size required. 
The gatherer then turns to the left and 
suspends the gob over the mouth of the 
mold and allows the glass to drop off. 
When the proper amount has fallen off, 
a “‘cutter’’ clips the stream of glass 
With a pair of shears. The gatherer 
‘hen turns back to the furnace and re- 
peats the operation. 
exceedingly 


His motions are 
rapid and as many as 
‘wenty-six 2-ounce gobs may he gath- 
ered in one minute. 

‘he eutter stands on a stool at the 

2c of the tank and clips off the stream 

‘he glass from the punty as it falls 
He then 
‘a lever which brings down a plung- 


‘le mold as deseribed above. 


ito the center of the mold, shaping 


neck and making a depression in the 
s. He then turns the table so that 
ottle is partially blown automatieal- 
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ly, greases another mold, and is ready 
to receive the next gob of glass. The 
gvatherer regulates the speed of the ma- 
chine as the cutter has the mold always 


prepared tor him. The two men alter- 
nate in their two operations, each spell 
lasting about twenty-five minutes with 
a five-minute rest period between spells. 
In the Lynch machine the gatherer regu- 
lates the speed by touching a lever with 
the punty. In this machine the cutter is 
eliminated, and the gatherers alternate 
at gathering and tending to the oiling 
of the machine. Forty minutes of each 
hour is spent gathering in one spell, 
while twenty minutes is spent oiling and 
tending the machine. ‘he men are well 
organized into a union, working on an 
eight-hour day, and are paid on a piece- 
Most of the men have been 
eonnected with the same factory for a 


work basis. 


number of years, and the relations be- 
tween employer and employee are good. 
The factory conditions are subject to 
which are the 
necessary (?) outcome of the processes. 
The men stand while at work within a 
few feet of the molten glass, facing the 


several disadvantages 


intense glare, while at their backs a 
foreed draft of cold air reduces the 
temperature. The noise of the machines 


‘is intense and most irritating, and the 


danger of flying bottles and breaking 
glass is present. Irritating 
lime, other chemicals _ fly 
through the air from the overhead tram- 
way leading to the mixer where the flux 


always 
soda, and 


is made. 

The data on recessing of gears and 
the spin top cap operation were obtained 
from original data collected for U. 5. 
Public Health Bulletin No. 106 (3). The 
process of recessing gears may be de- 
scribed as follows: The cog-wheel, 
which has already been partially cut, 
is placed on a trimming press, the work- 
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er pulls down the drill, using consider- 
able foree, and also dexterity, in press- 
ine the drill at the proper point in or- 
der to cut out the steel and make the 
teeth of the cog-wheel. The process is 
carried on on a piece-work basis with 
a sliding bonus and an eight-hour day. 
The factory conditions were of the best 
as is shown by the description in the 
Bulletin. 

The spin top lathe operation is de- 
seribed in Bulletin No. 106 as follows: 


A good example of lathe work at the 10- 
hour plant is the operation known as spin top 
cap which forms, grooves, and finishes the top 
cap of the fuse. Standing before his lathe the 
operator takes the rough metal cap from the 
pile at his right and inserts it in the mount- 
ing. He turns on the power by the over- 
head lever, catches the side lever in both 
hands, lifts it, throws his body against it, 
and by that pressure applies the forming 
tool. Then vigorously throwing on and off 
other levers in suceession, he applies the 
other tools in turn, indenting a recess half 
way down the cap, ‘‘spinning the top eap,”’ 
disengaging the tools, and disconnecting the 
finished eap. 

There is spring, movement, variety about 
such work as this: it lends itself to balanced 
rhythm. The various muscles 
called into action, the pulling, pushing, rais- 
ing, and lowering, seem to relieve and balance 
each other. It is hard work, vet not so hard 
as many less taxing but monotonous opera- 
tions. 


FLroups ot 


vas studied both for 
a ten-hour shift and for a thirteen-hour 
shift. The factory conditions in this 
case, as deseribed in Bulletin No. 106, 
were not so ideal as in the eight-hour 
plant. The men were paid on a piece- 
work basis. 

[t should be pointed out that in all 
three cases the work involved is of a 
dexterous physical type. 


This operation 


In the glass 
work the process is carried on for only 
a short time; then the worker changes 
to another process. ‘Thus, there is an 


alternating back and forth from gat 

er to cutter or from gatherer to oj)... 
In the spin top cap and the recessine 4} 
gears the worker continues at the gsijje 
operation throughout the day. I wis) 
to lay particular stress on this differe;jce 
between the three processes, as I {.! 
that it accounts for the higher efficieyey 
of the glass worker as compared wit) 
the operators in the other two jyro- 
cesses, 


WorkinG Capacity AND OvurpurT 


Tables 1 and 2 and Figures 1, 2, 3. 
and 4 show the degree to which the 
output rate approached the working ¢a- 
pacity; by considering the best 5 per 
cent. of the records as 100 per cent. 
working capacity, and comparing’ the 
actual output with this figure, a com- 
parison of the output and the working 
‘apacity is obtained. From the average 
of the figures for the day (Table 1) for 
the three processes it would seem that 





TABLE 1—COMPARISON OF AVERAGE OUT- 
PUT RATE AND WORKING CAPACITY IN 
EACH Ok THE THREE PROCESSES 
STUDIED 














S 
| Se & 
be — >, 
| Ss a = S S cnn 
ah oS a Sof 
re | . ov os = 
a a) mm 0 OH, t » = 
= ss | nH | ~~ 
2S Sa | On s & hap 
~ no | ty 4 “— i ot = 
3 oy | Q & a ao 
x Sa | & > i=¥-- Rees 
~ = = | _ = =| = oe = = - 
— 4. oO i Th - om = ~ ee I. - 
Glass gath- 
ering 48 day S 92.3 
Recess- 
. > O44 “7 
ing gears $1 day 68.3 o! 
Spintop 10 day 10 63.2 ob 
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in the alternating occupations—nam 
the glass working industry—the | 


eentage working capacity is only 7.1 
cent. below the maximum output I 


Ni \ 








EFFECT OF ALTERNATING 





190 per cent. working capacity. This 
ot due to stereotyping, for the gath- 
-s and eutters pay a bonus to their 
pers. In the eight-hour shift recess- 
» of gears operation, which was car- 
| on under the best conditions, the 
oyeentage working capacity falls 31.7 
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lic. 1.—Average output rate on the basis of 
working capacity for glass gathering. Crosshatch- 
i“ shows departure of average rate from maxi- 
ih. 


per cent. below 100 per cent. working 
capacity; while in the ten-hour spin top 
‘ap operation it falls 36.8 per cent. be- 
Ww, and in the thirteen-hour night shift 
falls 39.4 per cent. below 100 per cent. 
orking capacity. It is, therefore, ap- 
arent that the degree to which the 
ass workers fall below their utmost 
orking capacity is less than one-fourth 
vreat as the extent to which the work- 
sin the other two processes fall below 
clr working capacity. This difference 

| believe, due to the fact that the 
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glass workers have alternating occupa- 


tions, while the other workers continue 
at the same operation throughout the 
day. ‘The curves also show the output 
in percentage of working capacity (Ta- 
ble 2) by hours for the three processes. 
In the ease of the glass workers the 
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working capacity for recessing of gears. (See 
legend of Figure 1.) 


data show that the output is practically 
uniform throughout the day, with only 
a slight depression in the first hour and 
the last hour of the day. The other two 
processes, however, show the typical 
output curve starting low in the first 
hour, climbing to a peak, and then fall- 
ine off toward the end of the first por- 
tion of the day. Again in the second 
half of the day the output commences 
low, climbs to a peak, and falls off at the 
end of the day. The dropping off at the 
end of the day is more pronounced in 
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the ten-hour than in the eight-hour 
operation; it is also more pronounced 
in the thirteen-hour than in the ten- 
hour. Such an output record has usual- 
ly been described as the result of fa- 
tigue. If this is considered to be the 
‘ase, it could be stated that less pro- 
nounced fatigue effeets are shown in 


TABLE 2. 


PERCENTAGE OF HOURLY OUTPUT ON BASIS OF BEST 5 PER CENT. OF | 
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ied, in which the same operation \. 
continued throughout the day. Some 
theoretical basis for this can be foyyq 
when we consider the fact that fatioy, 
is primarily central, that is, within t\c 
central nervous system, in that the sea} 
of fatigue is the synapses. Any chanoe 
in operation, although possibly inyol\. 


> , 


LCEC- 
ORDS AS 100 PER CENT. WORKING CAPACITY . 
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Mean 


92,20 


92.50 


92.50 


Glass Gathering (Day Shift) 























an output 


92.30 92.20 92.20 9240 92.20 
Sigma 1.37 1.07 1.038 0.95 1.14 1.02 1.26 1.17 
P.E.M. 0.149 0.11. 0.106 0.098 0.127 0.104 0.182 0.12 
C.V. 149 123 116 1.03 1.24 1.10 1.36 1.27 
Spin Top (Day Shift) 
Mean 57.50 61.00 64.50 67.00 68.00 65.50 60.50 ©5.00 68.50 55.00 
Siema 12.65 635 925 850 9.35 10.30 7.80 680 830 11.00 
PEM. 2.69 125 197 181 199 2.20 166 145 1.77 2.34 
C.V. 22.00 10.40 14.30 12.70 13.70 15.70 12.90 10.50 12.10 20.00 
Spin Top (Night Shift) 
Mean 60.80 72.50 69.20 70.00 67.50 61.70 64.10 65.00 66.70 67.50 65.00 58.30 
Sigma 12.80 7.05 10.35 18.15 11.20) 9.75 9.45 16.00 11.35 12.90 138.15 17.00 Practically 
P.E.M. 3.50 1.95 2 SS 3.62 3.05 2 6S 2 61 4.40 3.14 3.56 3.62 4.70 Nil 
C.V. 20.10 9.70 14.90 18.80 16.40 15.70 14.70 24.60 17.00 19.10 20.20 29.20 
Recessing Gears (Day Shift) 
Mean 52.10 68.10 73.10 72.60 70.20 70.80 72.00 66.30 . 
Sigma %.00 7.00 7.95 7.75 9.95 S.40 S.SD 9.20 
P.ELM. 0.97 OSt 0.96 093 1.20 1.19 1.07 1.11 
C.V. 15.00 10.29 10.80 10.60 14.10 11.90 12.30 13.90 








the output records of the glass blowers 
who work at alternating occupations 
than in the records of recessing of gears 
or the spin top lathe operation, and. that 
with increasing length of day, as in the 
ten-hour and thirteen-hour shifts, the 
fatigue effects are more pronounced. 


Discussion 


The data given indicate that men 


working at alternating occupations have 


more closely approaching 


their maximum working capacity than 
do men in the other two processes stud- 


1 gS TT SL SE EE a, ee, ed 


ing the same muscles, would necessarily 
involve different synapses, and oppor 
tunity for recovery from fatigue for the 
previous group would be present. It is 
also apparent from the records that in 
this process of glass blowing alterna 
tion of occupation has in no way dimin 
ished the output of the men but has, 0 
the contrary, increased it. It seems ver: 
probable, therefore, that alternation 
occupation can be substituted for co’ 
tinuous operation in some industri 
with a resulting increase in output. ‘| 
extent to which this plan could be int: 


J. 1 
Nov.., 








EFFECT OF ALTERNATING 


d seems to be great, as one can 
lilv think of a number of processes 
vhieh this could be done. For exam- 
in the canning factory, the workers 
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hig, 3.—Average output rate on the basis of 
working capacity for spin top (day shift). (See 
legend of Figure 1.) 


could be trained to operate two differ- 
ent machines and to exchange places at 
these machines at regular intervals of 
[ feel convineed that this plan 
would lead to increase in output and to 
decrease in fatigue on the part of the 
men. 

Recently Mr. Whiting Williams (5), 
in a leeture at the California Confer- 
ence of Social Workers, stressed the et- 
fect on the outlook of workers of the 
iuportance attached to their jobs by the 
public. It would seem to be a natural 
‘eduction that the greater the extent to 

ich the worker places his impress up- 


time, 


the produet which he is making, the 
ater would be his feeling of doing a 
‘uable piece of work, and consequent- 
‘he greater would be his self-satisfac- 
As industry has become more or- 
ized the work of the operators has 
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become more and more specialized un- 
til some processes are extremely monot- 
onous, merely demanding the repetition 
of the same movement over and over 
many times during the day. A great 
deal of this monotony and over-special- 
ization which undoubtedly leads, 
through lack of an outlet of the crafts- 
man instinct, to discontent, loafing and 
drifting (Bregman (6)), could be over- 
come by substituting alternating occu- 
pations for the men without any loss 
of the great efficiency of the industrial 
machine that has been built up through 
this specialization. 

As was pointed out in the introduc- 
tion to this paper, severe criticism has 
been made of the output method of 
studying industrial fatigue. It appears 
to me that the extent to which the out- 
put of an individual approaches his 
working capacity (determined by the 
methods deseribed above) should be an 
index of the condition of the individual, 
provided the extent to which the actual 
output falls below working capacity in 
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any given industry has already been de- 
termined. For example, in the glass in- 


dustry, if it has been found that the 
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average output approaches to 92 per 
cent. of the working capacity of the in- 
dividual, an individual falling far be- 
low this standard could be suspected of 
suffering from some bad condition sueh 
as poor health or accumulative fatigue ; 
while in the processes such as the spin 
top lathe on thirteen-hour shifts, it 
would be necessary for a person to fall 
far below 62 per cent. of his working’ 
capacity before being considered unfit. 
This criterion could be worked out for 
each industry and could be readily de- 
termined for each individual by study- 
ing his best output records, as it is likely 
that even when suffering from aeccumu- 
lative fatigue an individual may spurt 
for short intervals during the day, un- 
der special incentives, and thus indicate 
his working capacity. 

The average percentage working @a- 
pacities for two industries may be com- 
pared hour by hour and give an index 
of the degree to which maximum output 
is obtained in each. This comparison 
is legitimate if the number of operators 
eoneerned is large, because it is based 
on a standard measurement, namely, 
the average working capacity. — Flor- 
ence compares the ‘‘relative hourly ap- 
proximation to maximum production’’ 
in two industrial plants, but this seems 
to me to be merely a comparison of dif- 
ferenees, in the two industries, in the 
degree of grouping of high output in 


the maximum hour. By the use of 
percentage working capacity as a). 
terion the two plants could be compa: d. 
as the basis of comparison is the phy xj. 
ological maximum working capacit) 


he 


CONCLUSIONS 


1. The average of 5 per cent. of the 
highest output records for each individ. 
ual is termed 100 per cent. working: ¢a- 
pacity tor the individual. 

2. The average approach to maximum 
working capacity is studied in three oe- 
cupations for each hour of the day. 

do. The output in 
which the workers 





an occupation in 
alternate in two 
operations shows much closer approach 
to maximum working capacity than oc- 
curs in two operations which are con. 
tinuous. 

4. It is suggested that alternation of 
operations would lead to increased out- 
put in many industries. 

o. The determination of the working 
capacity of individuals and of their av- 
erage departure from it is suggested as 
a means of studying fatigue in the in 
dividual. 

6. The use of percentage working ca- 
pacity In comparing output in two dil. 
ferent plants or operations is recom 
mended. 

7. Florenece’s (3) use 
mum hour is eritieized. 


of the maw! 
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LEAD POISONING IN A GOLF PROFESSIONAL: 





CASK REPORT* 


C. M. Davis, M.D. 


Cleveland, Ohio 


ry Hi occupation of golf professionals 
does not seem, at first glance, to 
: carry with it a risk of lead poisoning. 
(i has, however, a dangerous side-line 
; 1) the practice, which is common among 
professionals and their helpers, of re- 
painting used golf balls for re-sale as 
practice balls. The method employed 
iivolves unusual exposure since the 
painter uses no brush but merely takes 
41 handful of white lead paint and works 
it into the uneven surface ofthe ball by 
rotating the latter between the palms. 
in the case to be reported, this practice 
was the only known exposure to lead. 


Case REPORT 


I). O., a Seotechman, married, age 43, 
had earned his living on the golf course 
as helper or professional since he was 
i2 vears of age. His family history was 
unimportant except for the occurrence 
of giant hives (from which he also suf- 
fers occasionally) in several members 
on the maternal side, and in one ehild. 

lle had had no illnesses of note in 
childhood, he denied venereal infection, 

from the condition for 
sought relief, he had had 
10 illnesses in adult life other than three 

ild attacks of tonsillitis unaccompanied 
Y any rheumatic about 
‘ven years previous to the illness here 
‘ported. 

When he was 12 years old, after his 
ist day’s work painting balls, he be- 
ime acutely ill, with excruciating head- 
‘lle, nausea, vomiting, constipation, and 


aside 
vhiech he 


and, 


symptoms, 


dominal cramps and tenderness. Re- 
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covery occurred within a few days, but 
further attempts to do golf ball painting 
resulted promptly in similar though less 
severe illness, so that for several years 
he did no more of this work. 

During the past twelve or thirteen 
years he has painted a few balls from 
time to time, and during the last five 
years he has painted more and more 
each year, chiefly in off seasons and on 
winter evenings. Since no acute illness 
resulted, he did not associate with ball 
painting the pains in nis limbs which 
began to annoy him; he considered that 
they were due to rheumatism, and the 
abdominal cramps which simultaneously 
became frequent, he ascribed to indiges- 
tion. 

The pains were most constant in the 
spring, and in 1919 they were of such 
severity that he consulted a physician at 
whose advice his tonsils were enucleated 
and most of his teeth extracted, several 
of which were dead, and many in poor 
repair. No relief was obtained, either 
immediately or later, and his suffering 
and disability were considerable during 
that and the succeeding two summers. 

In the winter of 1921 to 1922 the burn- 
ing of the hotel at the resort where he 
was employed as golf professional put 
an end for the time being to his teaching 
activities, and during the few weeks re- 
maining before the opening of the spring 
season he occupied himself with paint- 
ing balls and making ¢lubs, painting in 
all between 2,000 and 3,000 balls. 

Karly in March the pains in his limbs 
and back recurred with unusual sever- 
itv, and he began to have pains in his 
shoulders and upper arms as well. By 
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May he could no longer follow his oceu- 
pation, for in addition to the pains a dis- 
tinct loss of power in the lower limbs had 
appeared, first noticed as difficulty in 
going upstairs. 


As at previous times, 
he had no fever. 


Heat, salicylates in 
adequate dosage, and atophan gave no 
relief, 

Physical examination (June 7) was 
negative except for the complete absence 
ot patellar reflexes. There was no swell- 
ing nor redness of the joints, no tender- 
ness of the nerve trunks nor of the mus- 
cles, and no limitation of motion. Four 
weeks later, during an attack of giant 
hives, both knees became suddenly and 
painlessly swollen, without heat or red- 
ness. Both the swelling and the hives, 
however, disappeared within forty-eight 
hours. 

The reaction (blood) 
was negative; the blood chemistry was 


W assermann 


normal, as was the urine which, however, 
was not examined for lead. The blood 
count (red and white cells) was normal 
and the hemoglobin 85 per cent. (Sahli) ; 
eareful search of several slides showed 
only rarely a stippled red cell, but there 
was a definite lymphoeytosis, and a num- 
ber of mononuclears showed basophilic 





granules. The differential count wa,. 
polymorphonuclears, 52 per cent.; lar: 
mononuclears, 6 per cent.; small mon: 
nuclears, 27 per cent.; mononuclear: 
with basophilic granules, 12 per cent.. 
transitionals, 3 per cent., and eosino 

e rm > 
phils, 0 per cent. The number of cells 
counted was 200. 

The patient was advised to discon. 
tinue painting, and iodides were admin- 


istered. The pain gradually disap- 
peared, muscular power slowly im. 


proved, and in August he was able to 
resume teaching. 

At the present time (one year later) 
he reports that he has remained entirely 
free from pain and abdominal cramps, 
and that he feels better than he has for 
several years. He still notices that his 
limbs tire more easily than they for- 
merly did, although the improvement in 
this respect has been continuous. The 
knee jerks, which could not be elicited 
for about three months, are still some- 
what below normal, especially the lett. 
The blood picture is normal except for 
a slightly low proportion of polymorpho- 
nuclears (58 per cent.) and an occasional 
mononuelear with basophilic granules. 








‘HE PRESENT STATUS OF THE PROBLEM OF RESUSCITATION IN 


CASES OF ELECTRIC SHOCK AND OF CARBON 
MONOXIDE POISONING 


Ceci K. Drtnxer, M.D. 


From the Department of Physiology of the Harvard School of Public Health 


HE problems of resuscitation pre- 
sented by the field of industrial hy- 
viene are somewhat narrower than those 
‘ound in the general fields of safety and 
of medical practice. At the same time, 
it should be understood that the most 
important measures of treatment avail- 
able are directed toward restoration of 
normal respiration and circulation, and 
that consequently many of the princi- 
ples of treatment are interchangeable 
for all the different emergeney condi- 
tions which face the physician and the 
hygienist. 
The two vitally important conditions 
in which industry is interested are elec- 
tric shock and carbon monoxide poison- 


Ine, 


ELectric SHOCK 

That death from electric shock is an 
extraordinarily frequent occurrence in 
the United States is painfully obvious 
to anyone reading our daily papers. 
‘ew people, however,—and this is true 
of the medical profession as well as of 
the laity—have an adequate idea of the 
various things which may happen when 
‘lie body becomes part of an electric cir- 
cult. Disregarding the matter of burns, 
1ich do not constitute the acute emer- 
eney we have to consider, let us list the 
dily phenomena that attend electric 
and then the 


ock discuss 


ich these phenomena have upon re- 
scitative measures. 
A. Effects upon the Nervous Sys- 





bearing 


2 





55 


tem.—The medical literature, from time 
to time, contains references to anes- 
thesia produced by means of electric 
currents. For many years physiologists 
have recognized that while a nerve 
trunk is conducting a current of elee- 
tricity it is unable to conduct a nerve 
impulse. The area of block imposed in 
this manner seems to do the nerve no 
damage unless the current is of consid- 
erable strength. That is, one may to- 
tally block impulses in the nerve of a 
cold-blooded animal for many hours, 
yet, immediately upon cessation of the 
blocking current, impulses pass through 
the length of nerve involved without the 
slightest evidence of abnormality. It is 
probable that the induction of local an- 
esthesia by means of electric currents 
depends upon the production of nerve 
block in a quite similar manner, and it 
seems equally probable that the anes- 
thesias, paresthesias, paralyses, and un- 
consciousness which are observed in 
electrical accidents are but more serious 
expressions of the same type of effect. 
We may conclude, therefore, that ner- 
vous tissue is apparently specifically 
susceptible to the action of the electric 
current, and that the effect produced 
may vary between no injury whatsoever 
and damage so considerable as to pre- 
vent the recovery of function during the 
period of life following removal from 
the current. There is practically no 
knowledge of what happens in nervous 
tissues as a result of electric shock, the 
minute hemorrhages and minor altera- 
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tions in cerebral and other nerve cells 
observed being quite as apt to be due to 
the asphyxia attending death from shock 
as to the action of the current per se. 
The important things for us to realize 
are that normal nervous activity may be 
abruptly interrupted by means of the 
electric current without any particular 
damage to the tissue itself but with the 
possibility of causing death to the vie- 
tim unless the influence is removed, and 
that, extending beyond such simple sit- 
uations as this, we have the possibility 
of nervous phenomena of variable dura- 
tion and severity, depending upon vary- 
ing degrees of damage to the nervous 
system. It is often impossible to disso- 
clate these latter effects from the results 
of the prolonged periods of asphyxia 
which so often electrical 
Not infrequently, for exam- 
ple, periods of unconsciousness follow- 
ing shock probably express the added 
effect of asphyxia, unconsciousness be- 
ing initiated by shock and continued as 
a result of oxvgen lack in the cerebrum, 
a condition similar to that seen in gas 


poisoning. 


accompany 
accidents. 


With these faets in mind, it is easy to 
understand that electric shock may in- 
hibit respiration, and that the effects 
produced may vary between momentary 
cessation of breathing, reflecting no real 
damage to the nerves in- 
volved, and degrees otf damage trom 


system of 


which recovery is quite impossible. Res- 
piration depends upon the rhythmie dis- 
charge of nerve impulses from a group 
of nerve cells in the medulla oblongata. 
In normal breathing these cells are stim- 
ulated by the carbon dioxide content of 
the blood and by certain impulses reach- 
ing them from the lungs. Through 
nerve paths of varving complexity, the 
respiratory eenter is connected with the 
muscles of respiration. It seems prob- 
able that respiratory stoppage as a re- 





sult of eleetrie shock is due to a dir. 

effect of the current upon the eells 

the respiratory center, though we hs 

no certain evidence of this, and that » 

der the usual conditions of electrics) 
accident the cells of this center will y. 
sume their property of rhythmic jy). 
pulse discharge after a short time, pro 
vided the amount and quality of the 
blood reaching them during their period 
ot inhibited activity remains good. This 
is really the crux of the resuscitation 
problem in electric shock, and we will 
return to it after discussing the seeoud 
important feature of shock—namely, 
the effects upon the circulatory system. 

B. Effects upon the Circulatory Sys- 
tem.—There is every reason to believe 
that the real problem of the circulation 
in electric shock is concerned with the 
heart alone. While in serious cases nery- 
ous tissue involved in maintenance ot 
normal blood tlow may be affected, it 
seems improbable that such effects are 
either grave or lasting. 

Many years ago it was shown that a 
brief and weak electric stimulus applied 
to the heart muscle, in experiments upon 
animals in which the heart was exposed, 
‘caused fibrillation of the heart muscle. 
When this condition involves the muscle 
of the ventricles, the pumping function 
of the heart is instantly lost. The muscle 
ceases to contract in an orderly pulsatile 
fashion and develops a disordered fibr! 
lary twitching from which recovery |: 
difficult. In eats, ventricular fibrillation 
occasionally stops spontaneously. |! 
dogs this is practically never the cas: 
nor have we remedial measures whic 
can be relied upon to check the conditio 
When fibrillation is established in cal 


almost any highly abnormal stimu! 
may restore normal rhythm. Of su 


measures, actual massage of the hea 
with the hand, particularly if it caus 
emptying of the heart chambers and 


J 
Nov., 


—- ae 

















PRESENT 





STATUS OF 
s up the nutrition of the heart itself, 
in my experience been most success- 

That ventricular fibrillation oceurs 
itaneously in man has been proved 
hin recent years, and it is probable 

1 sudden deaths of cardiac origin are 

guently referable to it. Quite re- 

itty a human ease has been reported 
whieh periods of ventricular fibrilla- 

‘ion were followed by periods of return 

‘o normal, so that it seems possible that 

‘) man ventricular fibrillation is not so 

inexorably persistent as we have seen it 

in the dog following direct electrical 
stimulation of the heart. ’ 

As one reads the literature upon the 
subjeet, one is impressed by the large 
amount of discussion which surrounds 
the question of the strength of current 
which will kill man. Voltages as low as 
i) have certainly been fatal, and I find 
reference to one death from an alternat- 
ing current of 50 volts. There are, of 
course, many records of death due to 
contaet with the ordinary 110-volt hght- 
ing cireuits which we employ in our 
houses. Such questions are not of much 
direct importance for us except in so far 
as these deaths from low voltage empha- 
size the fact that if the heart is in the 
path of the eurrent very little: is re- 
quired to kill. This is easy to under- 
stand when we realize that on direct ap- 
plication to the ventricular muscle of 
‘iimals currents of 2 to 3 volts will in- 
duce fibrillation, and that 15 volts at 30 
cycles will readily cause fibrillation in 

dog if electrodes are applied to the 

‘ide of the body in such a manner 

‘0 cause the current to pass through 
neart. 

‘hen ventricular fibrillation occurs, 

ieart is no longer beating and all the 

ies of the body, consequently, are 

‘rived instantly of fresh blood bring- 

he normal supply of oxygen. Nerve 

are peculiarly susceptible to oxy- 
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gen deprivation but vary somewhat in 
susceptibility. In animals it has been 
shown that complete deprivation of 
blood cannot be withstood by nerve cells 
past the limits displayed in the follow- 
ing table: 


Cerebrum, small pyramidal cells ...... S minutes 
Cerebellum, Purkinje’s cells .......... 13 minutes 
Medullary centers ........cce00. 20 to 30 minutes 
a a ee eee er ee ee 45 to 60 minutes 
PCIEEUGEE. SURUNEEED, os wocwawsewewmedes 6% 08 1 hour 
SP TURIN a 6d 6 064s OES K WON ds 084s 3 hours 


If electric shock does not affect the 
heart but does cause cessation of breath- 
ing, total deprivation of oxygen will not 
occur with such extreme abruptness. 
The oxygen taken from the blood in dif- 
ferent parts of the body at any one time 
being a variable quantity, circulation of 
blood containing some available oxygen 
will continue for a time. When the 
breathing alone is interrupted—if we 
may transfer our experience with ani- 
mals to man—the heart will continue to 
beat for from five to eight minutes, and 
it is probable that nervous degenera- 
tions of irrecoverable nature will not 
take place for almost an equal period of 
time following total cessation of beat. 
While the heart which has ceased beat- 
ing on account of asphyxia does not 
readily start again unless attacked very 
directly, there is always a possibility 
that well-applied artificial respiration 
may have even this result, and conse- 
quently, in early cases, this measure 
should never be withheld even though 
there is no evidence of heart beat. 


Carson MonoxipE Potrsontne 


The gassed patient presents a far 
more complex problem than does the 
victim of electrie shock. Carbon monox- 
ide combines with the hemoglobin of the 
blood, exeluding oxygen from the hemo 
elobin molecule and causing death by 
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oxygen deprivation. The entire process 
may be very slow. ‘When death oceurs, 
respiration fails before the heart beat 
ceases; but if at the time respiratory 
failure takes place the individual is re- 
moved trom the gas-laden atmosphere 
and is given artificial respiration, nor- 
mal breathing can be restored. As a 
practical matter, it seems as if cases 
illustrating such a course are very infre- 
quent. In earbon monoxide poisoning, 
when breathing stops death is far nearer 
than is the case in electric shock. The 
latter condition, if ventricular fibrilla- 
tion is not present, has the advantage, 
at the moment of respiratory cessation, 
of a heart unharmed by an antecedent 
period of oxygen lack and of a well- 
oxygenated blood supply. The heart of 
the gassed patient whose’ breathing 
stops has already experienced a grad- 
ually inereasing period of oxygen lack, 
and the blood has a diminished total 
oxygen content. In view of these facts, 
it is not surprising to find that authentie 
reports upon gassed persons who have 
reeovered but who were not breathing 
when found are exceedingly hard to dis- 
cover, 

When help arrives, the gassed patient 
who needs careful medical attention will 
be found uneonsecious, and, as a rule, 
breathing in an abnormal manner. Ex- 
periments have shown that as gassing 
progresses the breathing first becomes 
deeper and more rapid. After a period 
of varving length, dependent upon the 
eoncentration of carbon monoxide in the 
air, this stage is replaced by shallow 
rapid breathing which becomes irreg- 
ular and finally ceases. All sorts of va- 
riations in rhythm may be seen but the 
facts of the situation are that in the 
early, less serious stages of gas poison- 
ing breathing is ordinarily excessive, 
and that a period of diminished breath- 


ing precedes total stoppage. Artificial 





Sey a ee Pe awe tert 
2. _ 


respiration is thus less apt to be needid 
in gas poisoning than in electric shock 
While rescue crews should be thor. 
oughly familiar with the prone pressure 
method of resuscitation, the emergency 
offered by the gassed patient is less 
an emergency demanding instant, heroic 
measures than it is one requiring ay 
intelligent appreciation of the situation 
and adequate means for attacking the 
fundamental condition involved—name-. 
ly, the partial saturation of the hemo- 
globin molecule by carbon monoxide. 

The questions of nerve-cell vulner- 
ability under oxygen deprivation, which 
we have mentioned in our discussion of 
electric shock, are obviously of equal 
importance in gas poisoning. When we 
appreciate that cerebral cells are twice 
as susceptible to oxygen lack as are the 
cells in the medulla, one of the reasons 
for the prolonged periods of uncon- 
sciousness and for the mental derange- 
ments which sometimes follow gassing 
becomes clear. 


RESUSCITATION AFTER HLECTRIC SHOCK 


From our discussion of the patholog- 
ical physiology of serious shock it is evi 
dent that we may be dealing with an in 
dividual in one of several conditions: 

1. Respiration may have ceased but 
the circulation may be normal. 

2. Respiration and circulation may 
have ceased at the same time, the vel- 
tricles of the heart being in fibrillation. 

3. Respiration may be present aud 
the heart stopped, i.e., in ventricuiar 
fibrillation. Such a respiratory co! di 
tion would be exceedingly transient 01 
in all probability unappreciated. 

There is no doubt that the first me- 
ure to be applied in any one of the three 
conditions is artificial respiration. |! 
the action of the heart has not been 
turbed, persistent use of artificial r 
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PRESENT STATUS OF 
ion will often bring about recovery 

ndividuals in the first group. It is 

ceivable that in occasional cases be- 
ging to the second and third classes 
-jontaneous cessation of ventricular 
‘yrillation may occur. In the presence 
o! adequate artificial respiration, there 
‘s no reason in such an event why entire 
recovery of the patient should not take 
place. There is a possibility, though a 
remote one, that the thoracic pressure 
utilized in artificial respiration may 
have a direct eardiae effect remotely 
similar to the massage which we have 
spoken of as sometimes breaking up 
ventricular fibrillation in the cat. Hypo- 
dermie injections of various types, no 
matter how impressive they’ may ap- 
pear, give no promise of influencing the 
result. 

Recently, both in this country and in 
Kneland, it has been contended that the 
shocked individual is more apt to re- 
cover—more apt to start idependent 
respiration—if subjected to what has 
called counter-shock. This idea 
owes its genesis to the statement that 
men who are seriously shocked and fall 
trom high places are more apt to revive 
than those who are shoeked while on 
the ground. On the basis of this conten- 
lion, it has been recommended that 
individuals be iifted and al- 
lowed to drop, pounded on the feet, 
pinched—vigorously and abruptly sub- 
jected to severe sensory stimulation. 
There is no known justification for such 


procedures, 
— 


heey 


shocked 


Sensory stimulation ordi- 
Y causes respiration to become 
The rapid breathing of the 
ou in pain is familiar to us all. It is 
possible to obtain a sudden brief 
‘tion of respiration from sensory 


‘kened. 


ation, and many of us have expe- 
ed this when suddenly subjected 
eat heat or cold. Neither reaction 
ressive enough to cause us to feel 
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— 


that counter-shock is a matter of the 
slightest importance to the breathing 
of the victim, and it is quite unlikely 
that the heart is affected by such meas- 
ures. It seems more probable that the 
difference in effect—if a difference ac- 
tually exists—of the electric current 
that reaches a man upon a pole and of 
the same current reaching a man upon 
the ground resides in the abruptness 
with which the shocked person on the 
pole drops away from the source of ctr- 
rent. It should also be pointed out, how- 
ever, that men who work upon poles are 
very apt to receive the current through 
the arms or upper part of the body— 
sites of reception dangerous to both res- 
piration and heart. 

There is no doubt that the best type of 
artificial respiration of which we now 
have knowledge is the familiar Schifer 
prone pressure method. I need not de- 
seribe the method of application since it 
is thoroughly familiar. I do wish, how- 
ever, to discuss certain matters of fun- 
damental importance to us. Breathing 
depends upon a rhythmic increase and 
decrease of the negative pressure in the 
thorax. Air is thus sucked in and pas- 
sively blown out. The prone pressure 
method of artificial respiration attempts 
to imitate this normal negative pressure 
type of breathing. The operator com- 
presses the chest of the individual and 
air is foreed out of the lungs. On re 
lease of the thoracic compression, thie 
chest expands to its normal size and air 
is drawn in. Inspiration is accomplished 
by the passive part of the act. There 
have to determine 
how much air can be moved per minute 
by this maneuver but the figures now 


been many efforts 


available are not satisfactory since they 


have been obtained from subjects in 


states not comparable to that for which 
this method of artificial respiration is 


used. It is possible, in normal individ- 
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uals who are asked to breathe very vig- 
orously for a brief period of time, to ob- 
tain a condition of apnea which, under 
suitable conditions of breathing, may 
last as long as eight minutes. Such pro- 
longed periods are attained by breath- 
ing pure oxygen. If, during a period of 
apnea of this type, one endeavors to de- 
termine the amount of air that he can 
eet into the chest at each respiration, 
his results are disappointingly low. The 
maximum respiration volume under 
these circumstances is 150 to 200 ¢.¢. per 
breath. At rest, an adult of ordinary 
size requires in the neighborhood of 500 
ec. of air at each inspiration. Judged 
by this eriterion, it appears as if the 
prone pressure method were woetully 
lacking. Jf one tries the method upon 
a subject who is breathing normally, he 
obtains a degree of air movement very 
comparable to that used by the subject 
in ordinary breathing. Apparently dur- 
ing apnea or following enforced breath- 
ine the chest is, as it were, jammed, the 
force of the operator being automat- 
In the breathing’ sub- 
ject, on the other hand, the individual 
merely falls into the rhythm of the op- 
erator, moving the air at the rate re- 
quired at the moment. There is no 
doubt, however, that even if the air 
movement obtained by the prone pres- 
sure method is low, benefit must result 
from its use; but there seems, on the 
contrary, good evidence that air move- 
ment during this procedure is not low. 


ically resisted. 


We have records of persons who have 
ceased breathing but whose hearts have 
been operating normally, and such 
patients have been kept alive for long 
periods by means of the prone pressure 
method. Results of this sort could not 
be obtained if, in the non-breathing per- 
son, we were unable to obtain a larger 
air movement than occurs in experi- 
ments subjects. The 


upon apneic 


method has shown that it will susi.jy 
life—the best evidence that its effic,ey 
is great. 

I have attempted to evaluate {|yp 
prone pressure method in persons ye. 
cently dead, but the very rapid loss jy 
body resiliency following cessation of 
circulation renders such tests unsatis- 
factory, an essential for the suecess of 
the prone pressure maneuver being a 
normal degree of bodily elasticity. My 
experience in this matter is the same as 
that of other investigators who have at- 
tempted the same experiment. It is thus 
clear that, as yet, we do not possess real 
physiological data upon the efficiency of 
the prone pressure method of resuscita. 
tion, though we are reasonably certain 
that this efficiency is far above that ob- 
tained by experiments upon apneic sub- 
jects and upon eadavers. This conclu- 
sion is permissible because the method 
has shown itself able to sustain life. We 
require, however, observations upon thie 
amount of air moved by this method in 
persons whose hearts are beating nor- 
mally but whose respiration has ceased. 
Cases of this type are frequently seen 


in hospitals, and, owing to the sim. 


plicity with which the necessary meas. 
urements can be made, we are certain 
eventually to obtain the. necessary 
figures. 

The issue is of more than academic 
interest since manufacturers of appar: 
atus for artificial respiration do 10! 
hesitate to claim that the actual per- 
formance of the prone pressure me'! od 
is found in the figures which I have 
given for apneic persons, and this (oW 
estimate is then compared with 
nozzle delivery of the particular aj)! 
atus supplied by the manufacturer. /° 
the uninstructed individual, the 9"! 
answer seems to be to buy the de\ 
unfortunately based | 0" 
fallacious measurements. 


a decision 
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There are many arguments for and 
-ainst the use of mechanical appliances 
+ artificial respiration. Almost with- 
tt exception, these devices attempt to 
ow air into the lungs by the action of 
sitive pressure and then to suck it out 
, the use of negative pressure. Physi- 
joists have maintained artificial res- 
»iration in animals by such methods for 
~-veral hundred years, with the excep- 
‘ion that, in the ease of a physiological 
experiment, the trachea is cannulated 
andthe pump employed is connected 
direetly with it. In human resuscitation 
by a mechanical device, air must be 
driven in through the nose and mouth 
via a face mask. This essential situation 
vives much opportunity for trouble. In 
the first place there is ready chance for 
obstruction in the nose, the pharynx, 
down in the respiratory 
Furthermore, it is very diffi- 
cult to devise a face mask which can be 
applied quickly and which remains tight 
during the positive blast of the instru- 
ment, 


and lower 


passages, 


The suction which accomplishes 
expiration promptly seals the mask 
around the face, and the withdrawal 
stroke of the pump thus tends to pro- 
duce a vacuum in the lungs—a situation 
‘he reverse of beneficial for the patient. 

if mechanical devicees—which are in- 
variably expensive—are to supersede 
ile prone pressure method of artificial 
respiration, they must show themselves 

be really superior to this method. 
iat Is, appropriate experimentation 
ist demonstrate that such appliances 
vgenate the blood and remove carbon 
Xxide in a reasonably normal manner. 





have made extensive investigations 
1 animals in order to find out 
‘her or not various popular artificial 
iration devices accomplish these 
, and we have uniformly found the 
ces unreliable. Occasional aération 


¢ blood is obtained. At other times. 


in spite of the most caretul adjustment 
of the animal, it proves impossible to 
introduce enough air. ‘There is no 
doubt that we need a machine to supply 
artificial respiration which can be used 
on human subjects for long periods of 
time. Not infrequently in hospital prac- 
tice emergencies arise which make such 
treatment necessary. A notable example 
is seen in the post-diphtheritic paralyses 
of children. Situations of this. sort, 
however, are far different from the sur- 
roundings attending accidental electric 
shock. ‘ases of 
suspended respiration to act instantly, 
and there is no doubt that knowledge of 
the prone pressure method of respira- 
tion on the part of 


It is necessary in all 


fellow-workmen 
offers the best chance for prompt sue- 
cessful resuscitation. When the problem 
of sustaining life by a long period of 
artificial respiration arises, then me- 
chanical appliances may have a place, 
but my examinations of apparatus now 
upon the market have not convinced me 
that the 
available. 


ideal appliance is as yet 


RESUSCITATION IN CARBON MONOXIDE 
POISONING 


I have already mentioned the fact that 
the victim of ‘carbon monoxide poison- 
ing requiring medical aid is practically 
always breathing when found, though 
this breathing in the more serious cases 
may be weak and inefficient. Owing to 
the fact that prolonged partial satura- 
tion of the blood with carbon monoxide 
results in a diminution in its oxygen- 
‘arrying capacity, such patients have 
suffered from periods of oxygen lack of 
varving length. The great problem in 
resuscitation consists in removing the 
earbon monoxide from the blood with 
It has 


been known for a long time that if the 


the greatest possible rapidity. 
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lungs are deeply ventilated with pure 
air or with oxygen, the blood will give 
up carbon monoxide with fairly great 
rapidity, the oxygen again taking its 
place in the hemoglobin combination. 
The problem becomes, therefore, that of 
getting as much oxygen as possible into 
the alveoli of the lungs, and to this end 
oxygen inhalations have been reecom- 
It has also been suggested that 
oxygen be pumped into the lungs by any 
of the devices now used for artificial res- 
piration. Neither of these maneuvers is 
satisfactory. The first fails because the 
breathing of the victim of serious pois- 
oning is invariably shallow and _ in- 
efficient, and pure oxygen does not stim- 
ulate respiration. The second may be 


mended. 


successful if the operator is lucky 
enough to make adjustments which 


result in really supplying the lungs with 
the oxygen delivery of the apparatus, 
but, as has been said, this is an attain- 
ment upon which no reliance can be 
placed. 

The normal stimulus for respiration 
is the earbon dioxide delivered to the 
circulating blood by the body cells. Eix- 
earbon 
monoxide poisoning the normal blood 


amination has shown that in 


content of carbon dioxide is reduced, the 
individual apparently ceasing to breathe 
through lack of appropriate stimulus 
for the cells of the respiratory center. 
This diminution in the earbon dioxide 
of the blood is, of course, not present 
during the period of rapid respiration 
in the early stage of poisoning, but it is 
later 
Many observations, both in the physio- 


present in the serious stages. 
logical laboratory and in the elinie, have 
shown that respiration can be greatly 
increased by adding carbon dioxide to 
If the amount added 


is from 7 to 10 per ecent., headache will 


the air breathed. 


frequently follow. In concentrations of 


9 per cent. and below, this symptom 


LS SE ee eee eee ae aS eS er aaa = 


rarely appears, and if it does it is o! 
negligible severity. 

In consequence of the facts that the 
breathing may be enormously increased 
by adding carbon dioxide to the atmos 
phere inhaled, and that high concen. 
trations of oxygen force the rapid elim. 
ination of carbon monoxide, the modern 
treatment of carbon monoxide poisoning 
consists in utilizing inhalations of 5 per 
cent. carbon dioxide in 95 per cent. 
oxygen. A normal person, breathing 
this mixture, finds that his respiratory 
volume per minute rises from 9 or 10 to 
30 or 40 liters. The beneficial effects of 
a similar type of change in a person 
poisoned from carbon monoxide are 
obvious. Since this treatment was advo- 
‘vated it has been accused of danger be- 
cause of ‘‘over-stimulation of the 
heart.’’ I do not know what this term 
means. We have no description of any 
such condition either in physiological or 
medical literature, and one ean but feel 
that such an accusation, in the absence 
of detailed descriptions of experiments 
upon animals or illustrative cases in 
man, represents a vague and ill-founded 
distrust of a therapeutic measure al- 
ready recognized as safe. Since the 
oxvgen-earbon dioxide method of resus- 
citation came into general use in this 
country a year or more ago, we have had 
nothing but encouraging clinical reports 
in regard to it. In addition, in this city, 
we have had opportunity to see that i 
halations of air enriched with carbon 
dioxide offer a most useful means 0! 
freeing the blood from ether followiz 
prolonged etherizations, and that inc 
viduals, whose cireulations are in | 
ceedingly bad condition, are benefited 
the procedure. 

It should be added that the oxve 
dioxide treatment requi' > 

constructed apparatus, | 
that information upon apparatus Ww! 


earbon 


specially 


Ni 
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is passed careful tests may be obtained 
om the American Gas Association, 
. Madison Avenue, New York City. 
\eedless to say, rescue crews although 
ving such apparatus available should, 
overtheless, be instructed in the 
Schafer method of artificial respiration. 
[f a patient is not breathing when 
‘ound, one member of the rescue squad 
may apply the face mask while another 
performs the Schafer method of resusci- 
tation. In this way, a gas mixture 
designed to stimulate breathing and to 
hasten the removal of carbon monoxide 
will be introduced into the lungs at the 


263 


earliest possible moment. 

The question has been asked as _ to 
whether this modern method of resus- 
citation is useful in such emergencies as 
drowning and electric shock. Obviously 
neither of these conditions imposes the 
state of affairs surrounding carbon 
monoxide poisoning, and they do not 
seem to require the new treatment. It 
may be said, however, that the inhala- 
tions proposed will stimulate breathing 
if any maneuver is able to do so, and it 
is, therefore, probable that inhalations 
may be of value in these emergencies. 
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THE GENERAL AND OCCUPATIONAL PREVALENCE OF 


BRONCHITIS, AND ITS 
RESPIRATOR 


Kpear L. Cotuts, M 


RELATION TO OTHER 
Y DISHASES* 


.A., M.D., M.R.C.P. 


Wansel Talbot Professor of Preventive Medicine, Welsh National School of Medicine 


Ild trite observation that familiarity 
breeds contempt is essentially true 
with regard to the outlook upon chronie 
bronchitis; those afflicted are inclined to 
accept the complaint as inevitable, as 
something troublesome but not serious. 
Those ealled upon to treat it do not find 
it sufficiently interesting to study close- 
ly. At a hospital it tends to be disre- 
garded with an outpatient mixture, to 
which in the home a liniment may be 
added. Yet bronchitis stands high not 
only in the list of causes ot death, but 
abso among causes of invalidity. Here- 
in it contrasts with both phthisis and 
pneumonia; these diseases also stand 
high among the great causes of death; 
but they do not contribute equal quotas 
to the great sum of invalidity. Records 
in KMneland and Wales show that when 
morbidity and mortality are taken to- 
gether, bronchitis is the most important 
of all diseases; and, further, judging 
from the trend of mortality reeords in 
recent vears, that it is at the same time 
a most preventable disease. 


MorRBIDITY 


[Information is strictly limited re- 
earding the amount of sickness caused 
by bronchitis. Some idea may be ob- 
tained from the data stated in Table 1, 
but exact information, such as is forth- 
coming with regard to mortality, 1s lack- 
ine. A rough estimate of the amount of 
sickness due to bronchitis annually may 


*Keceived for publication July 27, 1925. 


be arrived at by aseribing to it two- 
elevenths of all sickness. The minimum 
amount of total sickness under the Ene- 
lish National Health Insurance system 





TABLE 1—PROPORTION OF (1) ALL SICK. 
NESS, AND (2) ALL DEATHS DUE TO REs- 
PIRATORY DISEASES, 1916, ENGLAND AND 
WALES 








Cause of Proportion per Cause of 


Death! 1.000 Cases Sickness2 
Deaths | Sickness 

Bronchitis | 85.3 181.8 |Bronchitis,  bronchi- 
al and nasal catarrh 

Tubereulosis| 106.4 12.2 Tubereulosis, 

all forms | all forms 
Pneumonia and other 

Pneumonia 74.5 69.2 diseases of the res 


all forms | piratory system 








1 Kighty-Third Annual Report of the Registrar 
General for England and Wales (1920). Hl. M. 
Stationery Office, 1922. 


2 Newman, Sir G.: An Outline of the Practice of 
Preventive Medicine. (md. 3863, 1919, p. 29. 
represented, during 1922, a sum of 5/0, 
000 years. On this basis bronchitis ac 
counted for sickness amounting to 6%, 
This total refers only to in- 
persons, however, and not to 


OOO vears. 
sured 
those at the end of life, when the tend- 
enecy to suffer from bronchitis 1s 1os' 
pronounced. Probably an annual ‘oti! 
of 80,000 years of sickness due to rol 
chitis among adults is a fair preseult 


tion of the invalidity oceurring | 10!!! 

this cause in England and Wales. 
When some elue as to causation ! 
sought from the distribution of this ‘yP* 
of sickness by age, sex, occupatio! we 
10 


position, we are 


eeographical 
, ‘Ts 
In any © 10! 


with an absence of detail. 
that have been made—for exam) 


264 




















1 





estigators of the Industrial Fatigue 
search Board—to ascertain sickness 
‘os distributed by age and occupation, 
nehitis has been classed together 
‘h other respiratory affections. Since 
ive error might be introduced by at- 
uipting to calculate the prevalence of 
onehitis by taking it to be some defi- 
e ratio of the total respiratory in- 
jlidity, no useful purpose would be 

srved by presenting the results of 
ese investigations here. 


rABLE 2Z. 
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the records for invalidity due to phthi- 
Sis. 


MortvTauitry 


Objections may be raised to taking 
death rates from bronchitis at different 
periods as a comparative measure of 
the prevalence of the disease at each 
period, on the ground that the standard 
of diagnosis may have altered. Such 
criticism has been levelled at every ef- 
fort to deal epidemiologically with dis- 


NUMBER OF CASES OF INVALIDITY, CAUSING ABSENCE FROM WORK FOR AT 


LEAST ONE WEEK, PER 1,000 PERSONS PER YEAR AMONG MEMBERS OF CERTAIN AMER- 
ICAN SICK-BENEFIT ASSOCIATIONS FOR 1921 

















Cause of Disability | Jan. | Feb. — 





March | April| May | June | July | Aug. | Sept.| Oct.| Nov.|Dee. 





Bronchitis 1921, 21.6 19.3 12.0 








1921 7.7 11.4 6.8 
Pneumonia 1920) 15.8 = 12.5 2.5 
1921 | 4.4 3.6 1.9 
Phithisis 1920; 2.5 Lek 3.0 
1921 | 2.5 1.5 2.8 
All diseases and 1920 275.0 326.7 126.0 
conditions 1921 134.0 1922.5 128.5 


8.5 6.8 3.2 3.8 é 
5.6 4.2 oO 1.9 é 


4.7 0.0 1.9 1.6 20 1; 
3.9 1.5 0.5 1.0 0.9 1. 


0.9 0.9 2. 
7 ] 


2.0 2.0 


8 41 38 67 62 
qT 5 


46 73 T5 73 
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3.2 
21 28 3.5 


ww OS 


1.4 14 18 3. 3.1 2.8 
2.1 2.1 0.7 15 £17 





108.9 TO.7 667.58 = 67.1 60.1 56.2 
110.6 SS4 76.6 TO0O6 S79 $6.7) SL 
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76.4 85.7 106.1 
94.5 105.2 








ltather more definite information is 
viven in some inquiries regarding mor- 
bidity among wage earners in the Uni- 
ted States (1). Here the number of cases 
o! sickness from specific causes, last- 
iig one week or longer, has been classi- 
ied according to the month of oceur- 
rence; but the statistics suffer from not 
heing distributed by ages, nor being 
eighted for length of disablement. If, 
wwever, the age distribution of the 
‘ve earming group is taken as fairly 
iormal, then the figures give some idea 
‘le frequeney of invalidity experi- 

dd (see Table 2). The tendency of 
bility on account of bronchitis and 
unonia to be high in a period of epi- 

i influenza is manifest in the ree- 
lor the early months of 1920; the 

“r exacerbation and summer fall 
ese two diseases is also noticeable. 
lier of these points is manifested in 


\\ 
) 


ease entities; it fails to become vocal 
only when all deaths are under review; 
then the attack is changed and direct- 
ed against estimates of the population 
at risk. These objections are here dis- 
regarded, and the condition certified as 
bronchitis since 1860 is considered to be 
the same clinical disease; the only con- 
cession made is the introduction of data 
referring to pneumonia and_ phthisis, 
the two main diseases concerning which 
diffeulties of differential diagnosis 
might arise. The differences in the be- 
havior of the records relating to these 
three causes of death suggest that three 
different disease entities are represent- 
ed, which, while they may overlap, have 
in the main their prevalence portrayed 
by the data. In order to eliminate the 
acute bronchitis of early life, the data 
considered hereafter 


refer to persons 


aged 15 and over. 
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Male 


TABLE 38 
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and Female 


Mortality.—The 
male mortality from bronchitis since 
1860 has throughout life exceeded that 
of females; but the difference is less pro- 
nounced than in the case of pneumonia 


sexes. 


MONIA, AND PHTHISIS IN ENGLAND AND WALES 





clined; this statement applies to bot), 
The fall which has occurred hss 
tended from age 35 onwards to | 
slightly greater for males than for fe. 
males, hence the death rates for the two 


i+ 


—-ANNUAL MORTALITY PER MILLION POPULATION FROM BRONCHITIS, PNE| 








Cause of 
Death 


Bronchitis 


Pneumonia 


Phthisis 


Bronchitis 


Pneumonia 


Phthisis 


Decennial | ~ 
Period 10 





| 1861-1870 59 
IS71-18S0 DT 
1881-1890 42 
LS91-1900 30 
1901-1910 18 


Percentage 
1571-1880 31.6 





taken as 100 

|1861-18ST0 169 
‘1871-1880 195 
1901-1910 24 


Percentage 
1S71-1LSSO 
taken as 100 


LS51L-1S60 


130.3 


2239S 


1871-1880 — 1685 
L901-1910 796 
Percentage 
LS71-18S0 4.4 
| taken as 100 
LSGL-1S70 Of) 
LST1-1SS0 G2 
LSS1-1S90 16 
LSO1-1900 oo 
1901-1910 1S 


Percentage 
LS71-1SSO 294 
taken as 100 


ISGL-1ISTO 146 
IS71-1S80 151 
1901-1910 161 


Percentage 
IS71-1SSO 
taken as 100 


-~on 


ISD1L-LS6O 3523 
1S71-18S0 3121 
1901-1910 QSS 


Percentage 


LS71-1SS0 J1.7 


taken as 100 





106.6 


20 25 3D 
Males 
107 247 671 
92 229 745 
63 155 542 
45 107 372 
26 ny | 191 
27.8 24.9 25.6 
273 387 612 
337 510 SS6 
36S Dol 960 
109.2 104.1 108.4 
4054 4028 4016 
3109 ot13 4137 
1521 1966 2446 
39.0 47.8 58.7 
lenvales 
101 217 5DO 
91 213 624 
71 164 5O4 
15 105 362 
22 48 182 
24,2 22.9 29,2 
170 227 PON 
193 2ST 421 
199 S02 HO 
103.1 105.2 119.0 
102 45S3 4197 
3972 4895 83909 
235 1475 1551 
311 33.6 32.0 
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5840 
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1460 
1639 
1412 
1139 
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1310 


~? 


’ 

— 
. 
~t 


55 


4500 
5291 
4737 
4074 
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1330 
1802 
2494 
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10158 


12254 
11144 
10228 

7449 


60.9 


1940 
2446 
d161 


153.8 


oo 
mt 


1928 
1521 


4058 
4767 
4152 
3604 


2291 


2594 
2075 
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9753 
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9923 
7022 
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1628 
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and far Jess pronounced than in the case 
Mortality from bronchitis 
after 1861-1870 first rose for one decen- 
nium, but since then it has steadily de- 


of phthisis. 


sexes have been 


approximating; ind 
they became practically equal in | 
to 1920, for which period the ratio 
497 for males and 503 for females. 
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il has been most pronounced in early 

‘ult life and least pronounced at ad- 

oneed ages. The similarity between 
‘je reactions of the two sexes to this 
use of mortality is shown in Figure 

The differences in the percentage 


y . 
GAS OF LIFE 


30 75 ano vER 


tendencies of mortalities for bronchitis 
and pneumonia since 1871-1880 might 
suggest that in change of nomenclature 
for the same clinical entity les the ex- 
planation; but such claim fails before 
the simultaneous rise in both diseases 
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lic. 1.—Comparative mortalities from bronchitis for males and females 85 years of 


age and over, 


1871-1SSO0, and 1901-1910. 


fall at different periods of life are of 
interest, since if the fall was due to any 
alteration in virulence of the disease it 
might be expected to affect all ages 
alike. On the other hand, if the fall is 
due to alterations in the host rather 
‘han in the infecting guest, such altera- 
lions might be expected to affect differ- 


cit ages differently, and to affect most 


it 


the more impressionable—that is 





, the 
more youthful ages. Here is support 
lor what appears later—namely, that 
social uplift expresses itself physiologi- 
Vv in resistance to certain forms of 
case, of which bronchitis is one. 
‘le records for pneumonia show a 
isiderable rise from 1861-1870 te 
‘“/1-1880 for both males and females 
very age period; after that decen- 
contrary to the course of bron- 
is, the rise has continued; it has 
most pronounced in the late age 
ds and has been greater for fe- 


s than for males. The contrary 


in the previous decennium. Some influ- 
ence or influences which favored bron- 
chitis up to 1870 would appear to have 
abated in strength steadily since that 
time; some influence or influences favor- 
able to pneumonia would appear to have 
increased steadily in 
1860 onwards. 
Phthisis mortality represents a third 
variation; it has steadily declined for 
both sexes since 1851-1860; it has de- 
clined much more for females than for 


streneth from 


males; it has been most pronounced in 
early adult life and least pronounced at 
advanced aves. For females the decline 
is only slightly less at each age than 
the decline in bronchitis mortality. It 
cannot be claimed, however, that the in- 
crease in pneumonia is, so to speak, a 
taking up of the slack left by the de- 
erease in phthisis, for the phthisis fall 
has been greatest at those age periods 
at which the pneumonia increase has 
been least, and vice versa. 
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The contention has been advanced on 
clinical evidence that bronchitis pre- 
pares the way for phthisis (2). The 
records already quoted do not fully sup- 
port this view. ‘The mortalities for the 


TABLE 4. 
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Seasonal Variations—Mortality fro: 


bronchitis, like morbidity, — shoy 
marked seasonal variations, more pr: 
nounced tor females than for males. 


The variations are far greater thay 


DISTRIBUTION ACCORDING TO SEASON OF DEATHS FROM BRONCHITIS, PNE| 











MONTA, AND PHTHISIS, IN THE YEARS 1916 AND 1920, IN ENGLAND AND WALES 
District Causeof | 1st 2d Srd 4th Year 
Death (Juarter Quarter Quarter | Quarter 
Males 

Bronchitis | 371.7 201.3 99.8 827.2 ~——*1000 
London Pneumonia 270.9 229.2 119.3 280.6 L000 

Phthisis 264.1 249.4 205.7 2S0.8 1000 

All causes 292.1 243.6 197.9 266.4 1000 

Bronchitis 348.2 240.7 129.5 281.6 1000 
County Pneumonia 345.1 277.5 142.5 236.1 1000 
boroughs Phthisis 272.9 267.2 210.5 249.4 1000 

All Causes 295.9 260.0 195.4 248.7 10 

Bronchitis 305.4 237.6 114.1 309.9 LODO 
Urban Pneumonia 330.9 PS6.S 136.8 240.5 1000 
districts Phthisis 265.5 267.9 211.1 257.2 1000 

All Causes 285.3 256.4 203.0 259.0 1000 

Bronehitis 341.2 257.0 114.0 IST S 1000 
Rural Pneumonia Ool.e 298.4 142.6 221.6 1000 
districts Phthisis 267.6 231.3 212.7 232.4 

All causes 280.7 954.4 1000 


Bronchitis 379.6 
London Pneumonia OTD 
Phthisis | oTD.D 
All causes 282.4 
Bronchitis | 5361.6 
County Pneumonia Ott. 
boroughs Phthisis 260.5 
All causes | 294.7 
Bronchitis 5364.6 
Urban Pneumonia’ d46.9 
districts Phthisis | 265.6 
All causes 287.6 
Bronchitis SAG. 
Rural Pneumonia d4D.6 
districts VPhthisis 257.0 
All causes 282.4 


260.0 204. 1) 





*#F e male 8 





195.8 78.1 850.5 L000 
245.7 97.5 281.9 1000 
256.7 209.6 958.2 1000 
240.0 190.5 287.1 1000 
222.8 104.0 211.6 1000 
271.6 122.1 231.5 1000 
267.6 214.2 957.9 1000 
249.9 195.8 259.6 1000 
225.8 103.0 306.6 1000 
280.7 130.4 242.0 LQ00 
269.7 9179 246.8 1000 
251.7 201.0 959.7 1000 
255.4 102.5 295.6 1000 
299.7 151. 1 223.6 LOOU 
271. 6 221.8 249.3 1000 
205. 201.4 


260.9 1Q0d 








two diseases since 1870 may be claimed 


in support; for the mortality from 
bronchitis has been falling more rapid- 


for phthisis, and at those 
which the fall for 
phthisis has been most pronounced. The 


ly than that 
age periods at 
phthisis rate, however, was falling trom 
1850 onwards, while the bronchitis rate 
Was increasing up to 1870. 


those of deaths from all causes (see 
ble 4). The vears 1916 and 1920 | 
been used for caleulating seasonal \ 
ations in order to avoid a time W 
an influenza epidemic might have 
turbed the normal course of events. 
first quarter of the 1 has the ! 
est mortality, and the third quarter '° 
This seasonal distribution hos 


~ 


lowest. 














PREVALENCE 


for males and females, and for 
us aggregations of population; 


t is most pronounced for London 
its great population and atmos- 
pho vie pollution. 


Ve seasonal distribution of pneu- 
nonin Shows the same tendency as that 
of bronchitis, but the fall in the third 
quarter is not so pronounced. If deaths 
from lobar pneumonia alone are consid- 
ered. the seasonal variations are found 
to be somewhat less pronounced. 

Meaths from phthisis, on the other 
hand, while showing definite seasonal 
variations, have a more even distribu- 
tion throughout the year than deaths 
from all causes. Here among the pop- 
ulations instanced in ‘Table 4 the great- 
est number of deaths occurs in the see- 
ond quarter more often than in the first, 
while in one ease it occurs in the fourth 
quarter. 


OF BRONCHITIS 
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In this connection Dron (3) has 
called attention to the fall in mortality 
from bronchitis in Seotland during 1921, 
the year of the coal strike: 


Deaths from Bronchitis 


Period in Scotland 
1916-1920 (annual average ) 2,000 

192] 3,971 

1922 0,224 


Climate-—The indication given by 
seasonal variations can he followed up 
by examining local differences in mor- 
tality, since localities differ in their eli- 
mates. Greenwood (4) has considered 
the point, choosing for the purpose Lan. 
eashire, Northants, and Cumberland. 
He suggests that any excess of mor- 
tality found in Cumberland over North- 
ants may be ascribed to climate; as far 
as bronchitis is concerned, however, 
while the mortality of Cumberland ex- 


TABLE 5.—RAT#S OF MORTALITY PER 1,000 POPULATION IN CERTAIN COUNTIES 








District 
Bronehitis 


England and Wales 
\iales 


Ages 45-55 


Pneumonia | Phthisis 


Ages 55-65 


Bronchitis | Pneumonia Phthisis 


a 2.75 ? 66 2.49 2.38 
l‘emales 0.62 0.75 1.51 2.29 1.44 1.05 
Lancashire 
\iales 1.43 2.45 2.65 5.09 5.85) 3.08 
lemales 1.33 1.20 1.56 4.60 2.27 1.21 
Northants 
\inles 0.37 0.85 1.84 1.31 1.29 1.61 
| lemales 0.28 0.3 0.97 1.46 0.69 0.72 
\ mriand 
Males 0.44 1.94 2.12 1.93 2.83 1.64 
__ | emales 0.37 0.91 1.13 1.73 1.60 Q.S* 








| 


isonal variations give some clue to 
ions which econduce to the death 
rom bronchitis—namely, wintry 
“r. Support for this deduction is 
‘ound in the mortality from this 
which was unduly low during the 
mild winter of 1922-1923. A mild 
means not only less severe cold 
0 fewer fogs which, in great cit- 
ise an obvious condition of at- 
rie pollution. 


ceeds that of Northants, the mortality of 
both counties is less than the standard 
for England and Wales. Climatic con- 
ditions may be claimed to have some in- 
fluence; but Greenwood points out that 
Lancashire, with a climate somewhat 
similar to that of Cumberland, has a far 
higher mortality from bronchitis, and 
he seeks for an explanation in the in- 
dustrial character of Lancashire. 

The death rates for pneumonia ex- 
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hibit the same phenomena, only more 
distinctly; Cumberland suffers more for 
both sexes than Northants and than the 
standard for England and Wales; Lan- 
‘ashire is even more manifestly at the 
top. 

The phthisis rates place the three 
counties in the same order; but the dif- 
ferences are smaller than for the other 
For this dis- 
ease the excess of Lancashire over Eng- 
land and Wales is not pronounced; 
while the rates for both the other coun- 
ties are below the standard. Here is 
the same indication as was found from 
seasonal variations—namely, that the 
phthisis death rate is not influenced to 
the same extent by climate. 


two respiratory diseases. 


TABLE 6—MORTALITY OF 


dustrial 
maximum in middle life. 


reaches ‘js 
Phthisis m.y- 
talities show still greater differejoos. 
which, particularly in industrial wri) 
counties, are maintained until late jy 
life. 

The suggestion which emerges is t)jat. 
in the main, industrial occupations do 
not exert as profound an influence upon 
the mortality from bronchitis as upon 
the mortalities from phthisis and puen- 
monia. This suggestion receives sup- 
port from the male and female mortali- 
ties from bronchitis particularly in in- 
dustrial counties and in selected rural 
counties. The difference between the 
two sexes is so slight as to be negligi- 
ble; but the difference between the two 


influence, which 


MALES, 1901-1910, WHEN THAT OF FEMALES IS TAKEN AS 100 

















Cause of Death i 20 25 
Bronchitis | 100.0 113.6 111. 
Pneumonia | 157.8 184.9 175 
Phthisis, Urban counties SOG 152.0 135. 
Phthisis, Rural counties O3.9 115.5 1222. 


im OO ORS 


35 =| 45 | 5D | 65 | 75 and Over 
104.9 117.8 116.2 106.1 100.0 
191.6 202.3 166.3 135.0 114.6 
165.1 227.3 253.9 237.2 164.0 
137.9 170.6 171.8 155.7 138.9 








ludustrial Buvironment—The influ- 
ence of industrial environment may be 
estimated by comparing the mortality 


The 


importance of sueh comparison lies im 


from bronehitis in the two sexes. 


the fact that the female represents more 
particularly the influence of the home, 
while the male, who spends more of his 
time in outside occupations, represents 
more particularly industrial environ- 
ment. (See Tabie 6.) 

Attention has already been directed 
to the occurrence of a rather heavier 
mortality from bronchitis among males 
females (see Fig. 1). 


than among 


When the two mortalities are compared 
at different 
males is found to be greatest tor ages 
45 to 64, after which it diminishes; but 
the excess is not great at any age. 
This test, when applied to mortality 
from pneumonia, exhibits a greater in- 


ages, the excess among 


counties is decided for both 
sexes, and may be interpreted to repre- 
industrial sur, 


sets of 
sent the influence of 
roundings upon atmospheric pollution. 
In 1891-1900 the average mortality from 
bronchitis per million in selected urban 
and rural counties was as follows: 








Urban Rural England 

Nex Cfounties Counties and Wales 
Males 2? 052 1.540 1,840) 
Females 2 OO7 1.498 yh: 


Every indication obtained so far trom 
mortality statistics poimts to ati 
pherie conditions as exerting a poy 
influence upon bronchitis, particula:! 
with regard to pollution by smoke, > 
climatic conditions come second. 
subject can be more intensively inves” | 
gated by considering the mortal! . 
curring among males when dist! 
by occupation. 
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OccuPATIONAL REcoRDS 


‘y) formation of considerable value is 
he found in the Decennal Supple- 

fs of the Registrar-General, which 
deal with oceupational mortality (5). In 
ose publications comparative mortali- 
‘y figures are given for each of the oe- 
) dealt with and, by using 
these, the mortality from various causes 
of death in different occupations may be 
‘hese comparative figures 
refer only to ages 25 to 64; hence, since 
the late period of life after 65 (already 
shown to be mainly concerned with 
bronchitis), 1s not ineluded, the figures 
do not fully represent the extent to 
which bronchitis 1s present. 


(*] nations 


eontrasted. 


This poimt 
is made clear by comparing the mortali- 
ty rates per 1,000 living at different ages 
for the clergy and for potters at two 
decennial periods. 
Occupation Age Period 

65 and 


5) 45 5D Over 

Clergy 
1890-92 0.04 0.21 0.85 6.56 
1910-12 0.00 0.00 0.49 om 

Py TTers 
1890-92 2.51 10.65 22.26 31.47 
1910-12 0.83 3.96 10.24 22.10 


Nevertheless, if this point is kept in 
mind, comparative mortality figures 
used as some indication of the 

alenece of. bronchitis in different oc- 
“upational groups. With this end in 
certain comparative figures, ex- 
hacted from the last three Supplements, 

ve heen placed together in Table 7, 

nas been constructed to illustrate 
‘© points. The standard for com- 
n. for each disease and at each 
“1s the comparative figure for All 
i it is seen that the mortality from 

tis has fallen in a marked way 
occupation quoted, and that the 


Mla\ Hea 


Dre 


"] . 
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fall has been most marked where the 
mortality was highest in 1890-1892. 
There is here evidence that some gen- 
eral influence for the better, apart from 
occupational environment, has been at 
work during the thirty years. Probably 
this influence is the same as that which 
has determined the rather smaller fall 


in phthisis mortality, and may be 
ascribed to general improvement in 


health, associated with a general rise in 
social conditions of which the value of 
real wages may be taken as the index. - 


Consumption of Comparative 





Food and Other Real Mortality from 
Year Necessities Wages Bronchitis 
All Males 
1890 109 SS 
1891 113 89 101 
1892 115 90} 
1900 120 96 | 
1901 119 97‘ D7 
1902 119 99) 
1910 119 100) 
1911 120 100} 32 
1912 122 98 | 
This suggestion receives support 


from the comparative figures for the 
ereat social groups, in which the mor- 
tality from bronchitis is seen to increase 
steadily as the social status is lowered, 
until among unskilled workmen it is 
more than four times that of the upper 
and middle classes. This phenomenon, 
it may be noted, is even more marked 
for bronchitis than for phthisis, pneu- 
monia, or the death rate from all causes 
(Table 8). 
if the figures are considered for the oc- 
cupations into which the failures of the 
occupational world, whether due to lack 
of skill or to breakdown in health, tend 
to drift,—tor example, dock laborers, 


The contrast is even greater 


costermongers, and general laborers. 


Social status must then be looked 


upon as an important factor in deter- 
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MONTA, 
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COMPARATIVE MORTALITY IN ENGLAND AND WALES FROM BRONCHITIS, Py) \-. 
AND PHUTHISIS, OF MALES, AGED 25-64, IN CERTAIN OCCUPATIONS FOR TH» BE 
DECENNIAL PERIODS 














Period 


1890-92 
1900-02 
1910-12 


1890-92 
1900-02 
1910-12 


LTS9OO-O2 
1900-02 
10-12 


1S90-92 
1900-02 
1910.12 


IS90-92 
a Le ee 
1910-12 


LSOO-9Y 
LOO 
IN10-12 


enced py 




















i ii ili ii iii ii iii | i T = 
Professions 
Clergy _ Doctors Lawyers ~ Schoolmast: 
12 51 77 14 108 § 121 19 64 135 25 50 199 
7 ot DD 15 91 65 15 D1 92 16 47 112 
5 28 45 9 67 64 7 45 DS 10 43 T() 
Outdoor Life 
Agricultural | | 
Farmers Laborers Fishermen Gardeners 
29 57 92 53 76 135 48 68 1383 | 47 5D 13] 
14 47 76 26 D4 90 20 62 100, | 270 45 QS 
11 43 56 14 40 70 20 ay) 101 | #15 32 7h 
Indoor Life 
i * ao e - Indoor 
Chemists Lronmongers Grocers Domestics 
34 S6 210 41 100 140 4 63 14 47 TO 215 
36 GS 149) 28 45 135 30 43 125 40 63 1) 
20) G4 93 1S 40 95 20 13) 96 Ol 45 136 
Indoor Industries 
Lace Makers Tailors Printers | Shoemakers 
46 ae) 186 LOS S7 314 118 4 3878 | 95 85 207 
| 35 GO 206 G1 GI 248 17 64 300 | 59 GS 27 
| 19 43 157 3S DD 186 3 50 208 1) 53 222 
é { 
Alcohol Trade ALL 
Innkeepers Innservants Brewers MALES 
OG 183 300 136 298 D2 32 166 317 101 123 " 
57 #147 ~—271 00 191 543 96 95 @o48 57 90 «186 
26 LO4 196 1 115 509 a) 95 181 38 66 I je 
Coal Trade 
Coal Miners 
All Coal Northumberland | 
Miners Lancashire and Durham | Coal Heayers 
131 141 113 IWS =. 217—t—‘«~*208) 58 85-109 207 287 2 
79 6 SY 113 149 96 41 D4 S4 91 157 _ 
DO 65 7d SS 100 107 33 D4 70 D4 116 i 
'(i) = bronchitis; (ii) = pneumonia; (iii) = phthisis. 
mining the prevalence of bronchitis, and great fall which has occurred in the pr’ 
may account for the low mortality for fessional group during the thirty |“: 
ach of the respiratory dieases experi- with regard to mortalities from re)!“ 
the professional group. Never- tory diseases, especially that | 
: : i sia ‘ ' ad 
attention is challenged by the bronchitis. The claim can hardly | 


theless, 
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TABLE 7.—(Continued) 
—wd r = ways ii ee iii | i ii iii 
Period bs Feposure to Heat and (or) Fume 
Yhemical Glass Gasworks | Textile 
+ -Manufacturers Makers | Service | Dyers 
190-92 286 236 188 | 257 218 343 1638 185 213 175 205 303 
1900-02 | 120 148 98 | 132 104 283 | 7% 121 141 81 110 193 
1910-12 | D8 89 71 | 85 73 184 | ol 67 119 48 74 139 
| | 
Exposure to _anumas Dust 
; ——- - f ‘Woolen  ~—||_~—s Harness Makers Carpet 
Manufacturers Operatives and Saddlers Makers 
| | 
1890-92 | 114 124 226 121 138 221 | 88 S4 276 146 114 263 
1900-02 43 30 219 D6 83 159 45 66 224 ot 99 180 
1940-12 ot 29 126 OT 5D 124 29 50 154 40 48 115 
| | 
& sposure to Vegetable Dust 
1 Cotton  — | Rope _ | Carpenters 
Millers Operatives | ‘Makers | 
| 
1890-92 108 93 165 171 182 233 | 167 112 254 68 86 200 
1900-02 71 84 129 92 109 197 | 82 7S «6.207: | 89 68 150) 
1910-12 36 58 92 ay) 70 120 | 388 47 14 | 2% 54 128 
LH? 113? 155° 





| 1890-92 
1900-02 
1910-12 


LSO0-92 
1900-02 
1910-12 


IS90-99 
L)00-02 


Ll) 1! 1¢) 12 
nu om 
































waposure to Inorganic Dust, Group 1 
a ~ Soke. | -- Limestone iia 
Brick Makers Cement Makers Masons 
92 118 97 | siisaaanonehal | 
47 69 76 - - —_— | 
25 67 73 14 66 88 | 388 D4 129 | 
Exposure to Inorganic Dust, Group 2 
ey ee ee | Sandstone Tin 
i. ____ Potters Cutlers | Masons Bi Miners 
| PP ane oe anal 
435-1550 885 305 237 442 | —______ P 166 586 
| 253 105 285 | 132 136 533 | — 206 "Sl 816 
| 168 95 282 82 85 466 1146 12000 415 7 76 95 678 


Dock Laborers | 


‘329 254 377 
137 187 308 
81 140 231 





U nekitle d Labor 





Costermongers | General Laborers 
| 221 197 514 | 162 191 295 
_ 165 177 554 145 245 491 
(104 «142419 ——_—__— 











2 These figures refer to 


i iced that the health environment of 
rs ‘Ss group has altered sufficiently to ac- 


A lint for 


the fall. An 


indication may 


found here that the community exists 





’ whole, and that the interplay of so. 


cotton strippers. 


cial grades is such that what benefits 
one grade in particular reacts to the 
benefit of all grades, although perhaps 
not so intensely. If this suggestion is 
true, then no grade of the community 
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‘an afford to disregard the health of 
After allowance has 
been made for such factors, the occupa- 
tional groups instanced in Table 7 show 


anv other grade. 


certain interesting points. 


TABLE 8&8. —COMPARATIVEIE MORTALITY IN 
ENGLAND AND WALES, AGES 25-64, IN 
CERTAIN SOCIAL CLASSES FROM ALL 


CAUSES AND FROM RESPIRATORY DIS- 
EASES, 1910-1912 








Social Class 
| Upper Inter- | Skilled Unskilled 





Cause 


of | and medi- Work- W ork- 
Death | Middle ate men men 
(1) Bronchitis 16 26 — 
(2) Pneumonia 47 DS D7 115 
(3) Phthisis 121 123 155 215 
All causes 695 745 TOS 1121 








1. The outdoor and indoor life groups 
exhibit low mortalities for each respira- 
tory disease; but the outdoor group is 
distinetly below the indoor for phthisis 
and also, although to a lesser extent, for 
pneumonia. 


2. Indoor industries experience a low 


mortality for bronehitis and for pneu- 
monia; but the phthisis figure is high. 
Here it is apparent that the three res- 
piratory diseases do not of necessity 
rise or fall together. 

3. For coal miners” generally the 
phthisis rate is low (but not for coal 
heavers); the bronchitis and pneumonia 
rates generally are high, but on some 
fields—for Northumberland 
and Durham—they are low, and on those 
fields the phthisis rate is particularly 
low. Close investigation of available 
data (6) has brought out that men at 
the coal face experience higher mortali- 
ties from 


instanee, 


phthisis, pneumonia, and 
bronchitis, than do other miners; and 
the idea emerges that the causative fae- 
tor is exposure to dust composed of the 
rocks with which the coal is found, or of 
eertain kinds of coal. 

4. The aleohol trade experiences a 
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high mortality from phthisis, whic), ;. 

highest where the social status is |iyy. 

est. ‘The pneumonia rate is similar, }; 
for bronchitis the excess is not jro. 
nouneed. 

do. Exposure to heat and fumes seems 
to have a definitely bad effect with 
regard to bronchitis, and a_ similar. 
although less pronounced, effect with 
regard to pneumonia. Here phthisis 
is low in the chemical trade and the 
gas-works service, where the conditions 
may be inimical to the spread of infee- 
tion; but it is high for glass makers and 
(until 1910-1912) for textile dyers. 

6. Kixposure to dusts of animal origin 
is not found associated with any pro- 
nounced excess of either of the respir- 
atory diseases (if we omit some excess 
of phthisis among harness makers). 

7. Bronchitis is in excess among cot- 
ton operatives and rope makers. Proba 
bly, if the evidence of mortality is ac- 
cepted for the subdivision, cotton strip- 
pers, with their peculiar exposure to 
dust, the cause must be ascribed to ex- 
posure to dust of vegetable husks and 
débris. The cotton operative also has 
rather a high figure for pneumouia. 
Millers and carpenters show no excess 
for either bronchitis or pneumonia; and 
no oecupation in this group is high for 
phthisis. 

8. Certain inorganic dusts are 10! 
found associated with any high mortall. 
ty from either of the respiratory «is- 
eases; but other inorganic dusts, all of 
which contain free silica, are associated 
with high and excessive mortalities !or 
each of these diseases. 

9. There is evidence, drawn [roi 
other sources and quoted at length e 
where (7), that other inorganic du>'s, 

such as emery and carborundum, ci >° 
bronchitis and possibly pneumo 
without influencing the phthisis mor' 


NO 











- but as no group given in the occupa- 
ual supplements represents exposure 
these risks no figures are here in- 
need in support. 


posure Bronchitis Pneumonia Phthisis 


tdoor and 


door life low low low 
»loor 
dustries low low high 
oal trade high high low 
\leohol trade moderate high high 
lleat and high 
fumes high high low 
List of 
L animal low low low 
origin ; 
ii) vegetable | 
husks and | 
débris; certain }high medium low 
inorganie | 
materials ; | 
iii) siliea high high high 
A review of the evidence indicates 


that a high mortality from bronchitis 
and one from pneumonia tend to go to- 
eether, but the association is not abso- 
lute. On the other hand, the prevalence 
of phthisis shows no pronounced tenden- 
cy to vary with that of either disease. 
The particular influence 
in occupations with a high mortality 
trom bronchitis is exposure to certain 
organic or vegetable dusts. In other 
words, the chief of the pneumonokoni- 
rather than dust- 
phthisis, which is only associated with a 
‘ew kinds of dust, and in particular with 
those containing free silica. To this 
dust influence must be added exposure 
'o fumes and to heat before furnaces. 


associated 


oses is bronchitis, 


SuMMARY 


|. Bronehitis in England and Wales 
outributes so much to morbidity and 
ortality as to make it the most impor- 
It is responsible an- 
ually for about 80,000 vears of invalidi- 
, and for about 28,600 deaths at ages 
) and over. 


int of diseases. 
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2. The mortality from this disease 
particularly concerns late life; it has 
tended to be somewhat heavier for males 
than for females. 


3. It has been falling rapidly since 
1870. and rather more for males than 
for females. The fall has been greatest 
where the mortality formerly was high- 
est; thus, it has been greatest in the 
lower grades of the industrial communi- 
ty. 

4. Records indicate that bronchitis is 
a disease entity which varies independ- 
ently of pneumonia or phthisis. 

2. Bronchitis is conduced to by severe 
climatie conditions, such as wintry 
weather, and more particularly by at- 
mospheric pollution. 

6. Industrial work does not exert so 
profound an influence upon bronchitis 
as upon pneumonia or phthisis; there is 
no evidence that aggregation of persons 
in industry is an influence in the spread 
ot the disease, as in the case of phthisis. 

7. Occupations which entail exposure 
to atmospheric pollution, whether 
through irritating gases or through in- 
jurious dust, carry with them risk of 
bronchitis. 

8. Generally, records of mortality 
from bronchitis exhibit indications of a 
chronic traumatic origin for the disease 
associated with irritating atmospheric 
conditions, rather than of an infectious 


origin. 
CONCLUSION 


Reduction in morbidity and mortality 
from bronchitis is to be sought for in 
two directions: (1) in social uplift, that 
is, by such increase of health in the low- 
er grades of society as establishes re- 
sistance to disease; and (2) in smoke 
particularly in 
districts and great towns. 


abatement, industrial 
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BOOK NOTICES 


BOOK REVIEW 


‘HYGIENE DE L’OEIL ET LE TRAVAIL INDUSTRIEL. 


160 with appendix. Geneva: International La- 
ir Office, June, 1923. 


This is Number 6 of the ‘‘ Etudes et Docu- 
ments’? issued by the International Labour 
Office from Geneva. It deals with the prob- 
lems of industrial lighting, and summarizes 
the present knowledge of the subject. <A 
large number of references is given and ex- 
iyacts are made. The bulk of the document, 
however, is written impersonally and _ is 
unsigned, 

In the introduction the problem of light- 
ing is stated to be the health of the retina, and 
attention is called to the large field open to 
research in the study of the normal function 
of the eye and its reaction to the lighting 
conditions present. Throughout the report 
stress is laid on the propaganda in the 
States, and on the conclusions of the English 
Departmental Committee on Lighting. The 
aims of effective lighting are cleanliness, pre- 
vention of fatigue, prevention of accidents, 
discipline and easy control, prevention of con- 
fusion, improvement and quicker execution 
of work. 

The first section deals with sources of illu- 
mination and gives the definitions adopted by 
the International Commission. The unit of 
luminous intensity is the international 
candle. Luminous flux, surface brightness, 
and other definitions are given in full. The 
vreat importance of photometry is empha- 
sized. The light from the sky, split up by the 
myriad facets of the particles of dust float- 
ug in the atmosphere, is diffuse. Sunlight 

very rich in ultraviolet and blue rays 
uich are generally lacking in artificial 
vit. Natural lighting is very variable, and 
intensity of 4,000 foot-eandles in mid- 

mmer falls to a little over 500 in mid- 

ater. Good natural lighting should reach 

center of the working area in the greatest 
ssible amount, at the most useful angle, 
| diffusely. The surroundings should ab- 
) as little incident light as possible; and 
ipt shadows should be avoided. 

in artificial lighting the brighter the light 
higher the temperature, and the more in- 








tense the source of illumination the further 
the spectrum extends toward the violet rays, 
with resulting danger from the chemical 
rays. The essentials of an artificial source of 
light are: (a) it should be easily employed 
and of a low cost; (b) it should resemble day- 
light as far as possible—above all it should 
be diffuse and not modify the natural colors 
of objects; (c) it should be of moderate in- 
tensity and illuminate a sufficiently wide 
area; (d) it should not greatly increase the 
temperature or alter the composition of the 
air with products of combustion. In practice 
illumination should be diffuse, sufficient, and 


constant. It may be direct, semi-indirect, or 
indirect. Indirect lighting is more agreeable 


to the eye but costs three times as much as 
direct lighting. By using light colors for the 
walls and white translucent china reflectors 
this extra cost may be reduced. Mercury 
vapor lamps give the most diffuse light and 
are best used in combination with local light- 
ing over the working area. 

Instruction is given in the spacing of lamps 
and the use of the various reflectors and 
globes. It is important to place the lamp so 
that the reflected ray from the working area 
passes in front of the workman’s head; the 
source should be so shaded that no direct 
‘ays fall into the eyes. The amount of illu- 
mination for a working area should be suffi- 
cient to allow the workman to continue his 
employment for a long time without fatigue. 
Great contrasts between local and general 
lighting should be avoided. Passages should 
have 1 lux: working places 10 to 25 lux, ac- 
cording to the nature of the work. Broca 
demands 20 to 40 lux for schools. 

The second section of the study considers 
lighting with reference to the nature of the 
work at which persons are employed. Here 
the amount of reflected light is of first im- 
portance. A worker on black velvet re- 
quires at least three times the illumination 
supplied to those working with white ma- 
terial. Surfaces with metallic 
luster give rise to great trouble from glare. 

In the third section the action of hght on 
A distinetion is drawn 


sheen or 


the eve is discussed. 
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between physiological and 


visual acuity. 


professional 
Professional visual acuity is 
represented by the smallest amount of physio- 
logical visual acuity which allows a man to 
earry out his employment easily and without 
danger. Where high visual acuity is re- 
quired, from three-quarters to one-sixth of 
physiological visual acuity gives adequate 
vision. Ordinary work ean be carried out 
with one-half to one-tenth of normal vision. 

The color of the light employed has an 
effect on the worker. Under a red light men 
become excitable, nervous, and irritable; yel- 
low light is the most agreeable; while green 
and blue have a sedative action. Violet and 
ultraviolet Lights cause headaches, unrest, and 
oiddiness. 

The fourth seetion deals with ocular fa- 
tigue of which the pathology is little known 
and which offers a great field for research. A 
large number of reflex actions are bound up 
with vision and unless these function prop- 
erly, separately and in combination, vision is 
not normal. The alteration of the reflexes is 
shown by photophobia, blinking, and orbital 
pain leading eventually to closure of the eves. 
The direet causes of ocular fatigue are: (a) 
bad light leading to excessive accommodation 
and convergence; (b) faulty position at 
work: (¢) insufficient hghting: (dd) direet 
lighting with glare; (@) charaeter of work— 
rapidity, sheen, accuracy demanded; (f) un- 
steadiness of souree of Light; and (g) ultra- 
violet rays. Ocular fatigue in miners has 
been investigated by Stassen and Kirk. Kirk 
found 142 cases of myopla or myvopie astig- 
matism in an examination of several thou- 
sand young miners, with only three cases of 
nystagmus. He attributes the myopia to the 
work, 

Most of the ultraviolet rays of the sun are 
absorbed by the atmosphere and the erystal- 
line lens. The action on the retina is almost 


negligible. The short ultraviolet rays cause 





photophobia and inflammation of the lids anq 
conjunctiva. Heat rays do not reach thy 
retina but favor the action of other injurioys 
rays on the lens. All these rays can be neewa- 
tived by the use of protecting glass of which 
the most important is that known ag 
‘* Crookes.’’ 

In the fifth section the relationship between 
lighting and accidents is treated. Industrial 
accidents vary inversely with the amount of 
sunlight, being more frequent in November 
and December. Accidents are more frequent 
in night shifts than on day work. Several 
insurance companies estimate that 25 per 
cent. of all accidents are due to bad light. 

In the section on prophylaxis of oeular fa- 
tigue the necessity for examination at school 
and medical advice on suitability of occupa- 
tion are insisted upon. Careful examination 
before employment will check unjust claims 
on the employer. In large works arrange- 
ments should be made for the periodic visits 
of ophthalmic specialists; smaller works 
should combine to secure for their workmen 
similar facilities at an ophthalmie elinie. The 
use of protecting goggles is advocated. These 
gogeles should be easy to apply, light but 
firm, and cheap; they should not limit the 
visual field or make the eyes warm. 

The final section deals with the regulations 
of industrial lighting. The codes of several 
of the States and of the British and German 
commissions are given in tabular form. The 
necessity for international agreement and 
the advisability of pooling the resources of 
the various nations are emphasized. 

An appendix deals with the legislation ot 
the different countries, and many extracts are 
given of safety-first regulations and other 
codes. 

The document will well repay study and 1s 
of special interest in advancing one aspect 0! 
the League of Nations on whieh all mas 
agree.—T. L. Llewellyn. 





